Objective: This study was performed to evaluate long-term local-regional control rates after breast-conserving therapy (BCT) for patients undergoing surgery before or after neoadjuvant chemotherapy. Methods: There were 2983 patients who underwent segmental mastectomy with whole-breast irradiation from 1987 to 2005. Clinicopathological and outcome data were reviewed, and comparisons were made between those undergoing surgery before and those undergoing surgery after neoadjuvant chemotherapy. Results: There were 2331 patients (78%) who underwent surgery first and 652 (22%) received neoadjuvant chemotherapy. Patients receiving neoadjuvant chemotherapy had more advanced disease at baseline and more adverse clinicopathological features. The 5-and 10-year local-regional recurrence (LRR)-free survival rates were 97% [95% confidence interval (CI), 96-98) and 94% (95% CI, 93-95) for surgery first and 93% (95% CI, 91-95) and 90% (95% CI, 87-93) after neoadjuvant chemotherapy (P < 0.001). However, there were no differences in LRR-free survival rates when comparing the presenting clinical stage (P = NS). Of 607 patients presenting with clinical stage II/III disease, chemotherapy downstaged 313 patients (52%) to pathological stage 0/I disease; 294 (48%) had residual stage II/III disease. In multivariate analysis, an age less than 50 years, clinical stage III, grade 3, estrogen receptor (ER)-negative disease, estrogen receptor-positive disease without receipt of endocrine therapy, lymphovascular invasion, multifocal disease on pathology, and close/positive margins were associated with LRR. Use of neoadjuvant chemotherapy was not significant when added to the model. Adjusting for adverse factors, there were no differences in LRR between patients who underwent surgery before and those who underwent neoadjuvant chemotherapy after surgery. Conclusions: LRR after BCT is driven by tumor biology and disease stage. Appropriately selected patients can achieve high rates of local-regional control with BCT with either upfront surgery or surgery after neoadjuvant chemotherapy.
D uring the past several decades, significant advances have been made in local-regional therapy for breast cancer. The use of breast-conserving therapy (BCT) to include lumpectomy with wholebreast irradiation is a practice supported by 6 prospective trials that demonstrated that overall survival is equivalent for patients undergoing BCT versus mastectomy. [1] [2] [3] [4] [5] [6] Attention to margins was not standard at the time these trials were conducted, and only the National Surgical Adjuvant Breast and Bowel Project B-06 required negative margins. In the report of 20-year follow-up of B-06, the ipsilateral breast tumor recurrence rate was 14.3% in patients undergoing segmental mastectomy with whole-breast irradiation. 3 In the B-06 trial, only women with positive lymph nodes received adjuvant chemotherapy. Since that time, the indications for adjuvant therapy including endocrine therapy and chemotherapy have been expanded, and the use of systemic therapy has been shown to decrease local recurrence in the breast. Combined with improvements in diagnostic imaging and pathologic evaluation of specimens, ipsilateral breast tumor recurrence rates have decreased significantly. 7 The number of patients eligible for BCT has increased, as the use of neoadjuvant chemotherapy for larger tumors has demonstrated that downsizing of the primary tumor provides the option of breast preservation in some patients who would otherwise require mastectomy if they underwent surgery first. There is no adverse impact on survival by administering chemotherapy in the neoadjuvant versus adjuvant setting, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and mature results of the largest randomized trial showed trends toward improved disease-free and overall survival in premenopausal women who received neoadjuvant chemotherapy. 14 Two meta-analyses confirmed equivalent survival outcomes, and 1 reported that neoadjuvant chemotherapy reduced mastectomy rates by 16 .6% [95% confidence interval (CI), 15.1-18.1). 18, 19 This is likely to be an underestimation of the impact on surgical options, as most trials did not differentiate whether patients were BCT candidates at presentation and most did not record whether the patient chose mastectomy over BCT even if they were BCT candidates after chemotherapy.
One concern regarding the use of BCT after neoadjuvant chemotherapy has been the ability to determine the extent of residual disease that should be targeted for resection. Because of variability in the response of tumors to chemotherapy, some will shrink concentrically whereas others will have pockets of residual tumor intermixed with fibrosis spread over a larger area. Defining the appropriate preoperative imaging and extent of breast tissue for resection after neoadjuvant chemotherapy, therefore, remains a clinically relevant question. At the University of Texas MD Anderson Cancer Center, we have developed a standard approach whereby all patients undergo imaging evaluation before and after chemotherapy (diagnostic mammography and ultrasonography) 20 and a clip marking the tumor site is placed early in the treatment course to facilitate resection of the primary tumor bed in case of complete radiographic response. After chemotherapy, any residual radiographic abnormality and the clip are targeted for resection along with a goal of at least a 2-mm margin of normal tissue. In most cases, we do not attempt to excise the entire prechemotherapy tumor volume. 21, 22 The goal of this study was to evaluate BCT patients undergoing surgery first versus those receiving neoadjuvant chemotherapy, using a standardized treatment approach to discern any clinicopathological factors or treatment-related variables that may impact local-regional recurrence (LRR).
METHODS

Patient Population
A prospectively maintained database was used to identify patients undergoing BCT to include segmental mastectomy and whole-breast irradiation from January 1987 to December 2005. Demographic data including age and date of diagnosis were noted. Clinicopathological data included histology (invasive ductal, invasive lobular, mixed), clinical stage according to the 6th edition of the American Joint Committee on Cancer staging guidelines, nuclear grade, estrogen and progesterone receptor and HER2/neu status, presence of lymphovascular invasion, margin status, (negative ≥2 mm; close <2 mm; or positive), presence of multifocal disease on final pathology, and pathological stage. At presentation, clinical stage was determined using physical examination, mammography, and ultrasonography of the breast and regional nodal basins. Suspicious appearing lymph nodes were evaluated by fine needle aspiration biopsy. 20 For hormone receptor status, more than 10% staining of the cells by immunohistochemistry was considered positive. Tumors were considered HER2/neu-positive if they were immunohistochemistry 3+ or amplified on fluorescence in situ hybridization.
Treatment
BCT included segmental mastectomy, axillary node evaluation, and whole-breast irradiation. Segmental mastectomy involved excision of the primary tumor with a margin of normal tissue. In patients who received neoadjuvant chemotherapy, preoperative imaging was performed in most patients and any radiographic abnormality, calcifications, and the clip were targeted for resection. In most cases, no attempt was made to resect the pretreatment disease volume. 21, 22 In the early 1990s, we began performing intraoperative margin analysis and this approach was routinely utilized by 1994. 7 Briefly, the excised specimen is oriented, then inked using a multicolor system, followed by sectioning into 3-to 5-mm sections perpendicular to the long axis. Sections are evaluated grossly by a breast pathologist and then subjected to specimen radiography and reviewed by a breast radiologist. If these evaluations suggest a close or involved margin, additional tissue is resected at the initial operation. When final pathological evaluation demonstrated close or positive margins, patients were counseled regarding the utility of reexcision. For patients presenting with clinically node-negative disease, axillary node evaluation generally consisted of sentinel lymph node dissection with a completion axillary dissection performed when the sentinel lymph node revealed metastatic disease. Patients presenting with clinically node-positive disease underwent axillary lymph node dissection. Clinically node-positive disease was defined as any lymph node identified by palpation or ultrasonography and confirmed by a fine needle aspiration biopsy to contain metastastic disease.
All patients received external-beam radiation therapy to the breast with tangential fields. The standard treatment involved a median dose of 50 Gy to the breast delivered in 25 fractions over 5 weeks, followed by an electron boost to the tumor bed (median dose, 10 Gy). Regional nodal irradiation was delivered at the discretion of the radiation oncologist. For patients undergoing surgery first, regional nodal irradiation was routinely administered in patients with 4 or more positive lymph nodes. Use of regional nodal irradiation was considered in patients with 1 to 3 positive lymph nodes with other adverse factors including young age, lymphovascular invasion, or extranodal extension. For patients receiving neoadjuvant chemotherapy, regional nodal irradiation was recommended for patients presenting with clinical stage III disease and for those with residual positive lymph nodes (ypN1).
Patients treated with neoadjuvant chemotherapy received a variety of regimens, often dictated by ongoing clinical trials. The specific regimen was known in 97% and included an anthracycline-based regimen in 33%, a taxane-based regimen in 7%, or a combination anthracycline/taxane-based regimen in 60%. This study predated the routine use of trastuzumab in the neoadjuvant setting. Patients undergoing surgery first were offered adjuvant chemotherapy based on institutional or National Comprehensive Cancer Network guidelines. Patients with hormone receptor-positive disease generally received adjuvant endocrine therapy. Early in the study, tamoxifen was offered only to postmenopausal patients. In the later years of the study, tamoxifen was offered to premenopausal patients and postmenopausal women were considered for an aromatase inhibitor.
Endpoints and Statistical Methods
Endpoints included LRR-free survival, distant metastasis-free survival, and disease-specific survival. Events were evaluated from the date of diagnosis. LRR was defined as disease recurrence in the ipsilateral breast or the axillary, supraclavicular, infraclavicular, or internal mammary lymph nodes. Recurrence at any other site was considered distant metastasis. All LRRs were counted as events regardless of whether they were the first sites of failure or occurred with or after distant metastasis. LRR and distant metastases were considered to be concurrent if diagnosed within 3 months. Patients who did not experience any of these events were censored at last follow-up or at the time of death.
Distribution of clinical factors between groups were compared using the Mann-Whitney test for continuous variables and χ 2 test for categorical variables. Lymphovascular invasion and HER2/neu were not routinely assessed in the entire study period; therefore, patients with missing data and missing cases were grouped with negative cases. Multivariate analyses were performed using a Cox proportional hazards model with backward stepwise analysis. Five-and 10year rates of LRR-free, distant metastasis-free survival, and diseasespecific survival were calculated using the Kaplan-Meier method, and differences between patients undergoing surgery first and those receiving neoadjuvant chemotherapy were compared using the log-rank test. All calculations were performed with Stata software (Stata/SE 11; Stata Corp, College Station, TX). Two-tailed P values 0.05 or less were considered statistically significant. This study was approved by the MD Anderson Institutional Review Board.
RESULTS
Clinicopathological Characteristics
The study population consisted of 2983 patients who underwent BCT; 2331 (78%) undergoing surgery first and 652 (22%) undergoing surgery after neoadjuvant chemotherapy. invasive disease in the breast or lymph nodes, was noted in 131 patients (20%).
Survival
In the surgery-first group, the median follow-up for surviving patients was 7.9 years (range, 0.02-20.7 years) and 5-and 10-year LRR-free survival rates were 97% (95% CI, 96-98) and 94% (95% CI, 93-95), respectively. In the neoadjuvant chemotherapy group, the median follow-up was 7.2 years (range, 0.19-19.2 years) and 5-and 10-year LRR-free survival rates were 93% (95% CI, 91-95) and 90% (95% CI, 87-93), respectively. These differences in LRRfree survival comparing the entire cohorts of surgery-first patients to neoadjuvant chemotherapy patients were significant (P < 0.001). However, when evaluated by presenting clinical stage, there were no differences in LRR-free survival rates for those undergoing surgery first and those receiving neoadjuvant chemotherapy first (P = NS; Fig. 1 ). When LRR was separated into local (in breast) recurrence versus regional recurrence, in the surgery first group, the crude local recurrence rate was 4% (94/2331) and the regional recurrence rate was 1% (24/2331). In the neoadjuvant chemotherapy group, 6% (38/652) had a local recurrence and 2% (16/652) had a regional recurrence.
With respect to distant metastasis, 7% (165/2331) of the surgery-first group experienced a distant metastasis versus 16% (104/652) of those receiving neoadjuvant chemotherapy (P < 0.001). Rates of distant metastasis-free survival were significantly worse (P < 0.001) in the neoadjuvant chemotherapy group. Five-and 10year distant metastasis-free survival rates were 95% (95% CI, 94-96) and 92% (95% CI, 91-94), respectively, in the surgery-first group and 87% (95% CI, 84-89) and 81% (95% CI, 77-84), respectively, in the neoadjuvant chemotherapy group ( Fig. 2A) . Patients in the neoadjuvant chemotherapy group were more likely to experience a distant metastasis concurrently with an LRR; 57% of distant metastases occurred concurrently with LRR, whereas 31% occurred after LRR. In the surgery-first group, 38% of distant metastases occurred concurrently with LRR and 52% occurred after LRR. Disease-specific survival was significantly worse (P < 0.001) in the neoadjuvant chemotherapy group (Fig. 2B) , consistent with the greater percentage of patients with clinical stage II or III disease.
Risk Factors Associated With LRR
A multivariate analysis of LRR with stepwise inclusion of factors was performed for the entire cohort, using all variables from Table 1 as candidate factors except for adjuvant therapy in the surgeryfirst group. Factors significant in statistical analysis are shown in Table 2 . When clinical T stage was considered as a candidate factor, represented as 3 dichotomous variables (T1 vs T2-T4, T1-T2 vs T3-T4 and T1-T3 vs T4), it was not selected as significant. When administration of neoadjuvant chemotherapy was added to the model fit with the 8 adverse factors listed in Table 2 , it was not significant (P = 0.32), suggesting that when controlling for these other factors, there was no difference in LRR for patients undergoing surgery first compared with those receiving neoadjuvant chemotherapy.
To further investigate factors associated with LRR, we repeated the multivariate analysis for the individual groups. For patients undergoing surgery first, adjuvant chemotherapy was included as a variable in this analysis. Significant factors for LRR in patients undergoing surgery first versus those receiving neoadjuvant chemotherapy are shown in Table 3 . For patients receiving neoadjuvant chemotherapy, pathological stage I disease or greater was a significant factor. We therefore looked at LRR rates for patients who achieved a pCR versus those who did not achieve a pCR. The 5-and 10-year LRR-free survival rates were 97% (95% CI, 92-99) and 93% (95% CI, 82-97), respectively, for patients achieving a pCR versus 93% (95% CI, 90-95) and 90% (95% CI, 86-92) for patients not achieving a pCR (P = 0.06). Overall, the results of these analyses revealed that factors associated with LRR were similar between the 2 groups. There were no adverse factors identified that would preclude an attempt at segmental mastectomy as long as the lesion could be resected with a clear margin.
Taken together, these data suggest that LRR after BCT is driven largely by biological factors and not the timing of chemotherapy. To further investigate this, we determined LRR-free survival for patients undergoing surgery first versus those who received neoadjuvant chemotherapy, based on the number of adverse factors per patient from the 8 factors identified on multivariate analysis. In patients with 0 ( Fig. 3A), 1 (Fig. 3B), 2 (Fig. 3C), 3 (Fig. 3D ), or 4 ( Fig. 3E) factors, there was no significant difference in LRR-free survival for surgery first versus neoadjuvant chemotherapy. There were too few patients with 5 (7 surgery first, 18 neoadjuvant chemotherapy), or 6 (1 surgery first, 3 neoadjuvant chemotherapy) factors to perform statistical analyses. No patients had 7 or 8 adverse factors.
DISCUSSION
BCT is the preferred treatment option for patients with earlystage breast cancer and is increasingly used in patients with larger tumors and later stage disease whose tumors respond to neoadjuvant chemotherapy. In this study, we report excellent rates of localregional control with BCT in appropriately selected patients undergoing upfront surgery or after neoadjuvant chemotherapy. There are no differences in LRR-free survival when evaluated by the presenting clinical stage. Importantly, our data demonstrate that LRR is driven largely by biological factors, including presenting stage, grade, estrogen receptor status, and presence of lymphovascular invasion or multifocal disease after chemotherapy. When controlling for these adverse factors, there is no difference in LRR rates between patients undergoing surgery first versus those treated with neoadjuvant chemotherapy.
With 652 patients undergoing BCT after neoadjuvant chemotherapy, this study represents the largest series to date. This work builds on a previous report from our institution of 340 patients where, after a 60-month median follow-up, we noted a 5year rate of LRR-free survival of 91%. 22 In this series, which includes patients from the previous study, we continue to see excellent local-regional control in patients selected for BCT after neoadjuvant chemotherapy with 5-and 10-year LRR-free survival rates of 93% and 90%, respectively. Given that patients receiving neoadjuvant chemotherapy had more advanced stages and significantly worse clinicopathological characteristics at presentation, these results compare favorably with the 5-and 10-year LRR-free survival rates of patients undergoing upfront surgery (97% and 94%, respectively). The differences in adverse biological factors between the 2 groups are reflected in the significantly worse distant metastasis-free survival and disease-specific survival rates for the neoadjuvant chemotherapy group.
Data from the National Surgical Adjuvant Breast and Bowel Project B-18 trial represents the second largest series of patients undergoing BCT after neoadjuvant chemotherapy. In that trial, more than 1500 patients were randomized to preoperative or postoperative chemotherapy. There were 503 women in the preoperative chemotherapy group who underwent BCT and after a 9.5-year median follow-up, the ipsilateral breast tumor recurrence rate was 10.7%. This was not statistically significantly different from the 7.6% rate in 448 women treated with BCT, followed by adjuvant chemotherapy. Interestingly, in the initial report of this trial, 10 there was a statistically significant increase in the ipsilateral breast tumor recurrence rate in patients who were converted from mastectomy to BCT after preoperative chemotherapy (P = 0.04). At the 9.5-year follow-up, this difference persisted (15.9% in downstaged patients vs 9.9% in patients initially planned for BCT). However, when controlling for age and clinical tumor size, the difference did not persist (P = 0.14). 17 It has been suggested that higher rates of LRR in patients with large tumors that are downsized with neoadjuvant chemotherapy could represent more aggressive biological behavior in these larger tumors. 23 Data in this study cannot be directly compared with those of the National Surgical Adjuvant Breast and Bowel Project B-18 study because this was a retrospective review and we do not know how many patients were BCT candidates at presentation. Likewise, we do not know how many patients were a candidate for BCT after chemotherapy but ultimately chose to undergo mastectomy. As a surrogate marker, we did demonstrate a significant decrease in the percentage of patients who had pathological stage II or III disease at the time of surgery compared with the patients who had stage II or III disease at presentation. One would hypothesize that downstaging facilitated BCT in many patients. Our favorable 5-and 10-year LRR-free survival rates in patients with clinical stage II or III disease who received neoadjuvant chemotherapy [93% (95% CI, 91-95) and 90% (95% CI, 87-93), respectively) confirm that a selective approach to BCT in these patients can achieve excellent local-regional control. An important aspect of our approach is careful preoperative imaging with an attempt to resect any residual radiographic abnormality, calcifications, and the primary tumor site biopsy clip with a negative margin defined as greater than 2 mm. This differs from the National Surgical Adjuvant Breast and Bowel Project approach that defines a negative margin as "no ink on tumor." An important caveat of our study is that data regarding rates of reexcision were not evaluated, and we do not know how many patients had an attempt at BCT before defaulting to mastectomy due to the inability to obtain a negative margin. Data in this study detail outcomes only in patients who completed BCT, and more than 95% of patients from both groups had a negative margin. Inability to secure a negative margin was found to be a significant factor associated with LRR, and we would advise mastectomy when a negative margin cannot be achieved. A negative margin has also been shown to be important in patients with earlier stage disease undergoing BCT. 24 It is likely that optimizing surgical management by resecting all radiographic abnormalities with a negative margin reduces tumor burden such that the effectiveness of adjuvant radiation and systemic therapy is enhanced.
Two meta-analyses evaluating trials of neoadjuvant versus adjuvant therapy have reported that neoadjuvant chemotherapy was associated with an increase in the risk of LRR. 18, 19 Importantly, in both analyses, which included many of the same trials, this increased risk was driven by inclusion of studies where patients received primary radiation therapy without surgery. In the meta-analysis by Mieog et al, 19 when studies with inadequate local-regional treatment were excluded, there was no difference in the LRR rates between the neoadjuvant and adjuvant groups (hazard ratio = 1.12; 95% CI, 0.92-1.37). The trials included in this meta-analysis were not limited to patients undergoing BCT. When analyzed according to the type of surgery, BCT versus mastectomy, there were no differences in LRR rates. In both BCT patients and patients undergoing mastectomy, LRR rates were not impacted by the timing of chemotherapy. 19 This is consistent with the findings from this study where we found that neoadjuvant chemotherapy was not a significant factor when added to a multivariate model of factors associated with LRR. In addition, when we controlled for the presence of adverse factors, there was no difference in LRR rates for patients undergoing surgery first compared with those receiving neoadjuvant chemotherapy.
In conclusion, we have demonstrated that LRR after BCT is driven by biological factors. In appropriately selected patients receiving neoadjuvant chemotherapy, BCT can be performed with low LRR rates. BCT should be limited to patients in whom a segmental mastectomy can be performed with negative margins and should include whole-breast irradiation in all cases with selective use of regional nodal irradiation. 
